Expression of HIF-1alpha by human macrophages: implications for the use of macrophages in hypoxia-regulated cancer gene therapy.
Large numbers of monocytes extravasate from the blood into human tumours, where they differentiate into macrophages. In both breast and prostate carcinomas, these cells accumulate in areas of low oxygen tension (hypoxia), where they respond to hypoxia with the up-regulation of one or more hypoxia-inducible factors (HIFs). These then accumulate in the nucleus and bind to short DNA sequences called hypoxia-response elements (HREs) near or in such oxygen-sensitive genes as that encoding the pro-angiogenic factor vascular endothelial growth factor (VEGF). This stimulates gene expression and could explain why, in part, macrophages express abundant VEGF only in avascular, hypoxic areas of breast carcinomas. It also suggests that macrophages could be used to deliver HRE-regulated therapeutic genes specifically to hypoxic tumour areas. A recent study suggested that hypoxic macrophages accumulate HIF-2 rather than HIF-1, prompting the search for HRE constructs that optimally bind HIF-2 for use in macrophage-based gene therapy protocols. However, the present study shows that human macrophages accumulate higher levels of HIF-1 than HIF-2 when exposed to tumour-specific levels of hypoxia in vitro; that macrophages in human tumours express abundant HIF-1; and that expression from HRE-driven reporter constructs in the human macrophage-like cell line MonoMac 6 correlates more closely with HIF-1 than with HIF-2 up-regulation under hypoxia. Taken together, these findings suggest that HIF-1 may be the major hypoxia-inducible transcription factor in macrophages and that HIF-1-regulated constructs are likely to be effective in macrophage delivery of hypoxia-regulated gene therapy to human tumours.